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SUMMARY

High Performance Signal Computer for Communica-
tions, Audio, Automotive, Instrumentation and
Industrial Applications

Super Harvard Architecture Computer (SHARC®)
Four Independent Buses for Dual Data, Instruction,
and I/0 Fetch on a Single Cycle

32-Bit Fixed-Point Arithmetic; 32-Bit and 40-Bit Floating-
Point Arithmetic

544 Kbits On-Chip SRAM Memory and Integrated 1/0
Peripheral

I2S Support, for Eight Simultaneous Receive and Trans-
mit Channels

KEY FEATURES

66 MIPS, 198 MFLOPS Peak, 132 MFLOPS Sustained
Performance

User-Configurable 544 Kbits On-Chip SRAM Memory

Two External Port, DMA Channels and Eight Serial
Port, DMA Channels

SDRAM Controller for Glueless Interface to Low Cost
External Memory (@ 66 MHz)

64M Words External Address Range

12 Programmable I/0 Pins and Two Timers with Event
Capture Options

Code-Compatible with ADSP-2106x Family

208-Lead MQFP or 196-Ball Mini-BGA Package

3.3 Volt Operation

Flexible Data Formats and 40-Bit Extended Precision

32-Bit Single-Precision and 40-Bit Extended-Precision IEEE
Floating-Point Data Formats

32-Bit Fixed-Point Data Format, Integer and Fractional,
with Dual 80-Bit Accumulators

Parallel Computations

Single-Cycle Multiply and ALU Operations in Parallel with
Dual Memory Read/Writes and Instruction Fetch

Multiply with Add and Subtract for Accelerated FFT But-
terfly Computation

1024-Point Complex FFT Benchmark: 0.274 ms (18,221
Cycles)
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Figure 1. Functional Block Diagram
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ADSP-21065L

544 Kbits Configurable On-Chip SRAM

Dual-Ported for Independent Access by Core Processor
and DMA

Configurable in Combinations of 16-, 32-, 48-Bit Data and
Program Words in Block 0 and Block 1

DMA Controller

Ten DMA Channels—Two Dedicated to the External Port
and Eight Dedicated to the Serial Ports

Background DMA Transfers at up to 66 MHz, in Parallel
with Full Speed Processor Execution

Performs Transfers Between:
Internal RAM and Host
Internal RAM and Serial Ports
Internal RAM and Master or Slave SHARC
Internal RAM and External Memory or I/0 Devices
External Memory and External Devices

Host Processor Interface
Efficient Interface to 8-, 16-, and 32-Bit Microprocessors
Host Can Directly Read/Write ADSP-21065L IOP Registers

Multiprocessing

Distributed On-Chip Bus Arbitration for Glueless, Parallel
Bus Connect Between Two ADSP-21065Ls Plus Host

132 Mbytes/s Transfer Rate Over Parallel Bus

Serial Ports

Independent Transmit and Receive Functions

Programmable 3-Bit to 32-Bit Serial Word Width

IS Support Allowing Eight Transmit and Eight Receive
Channels

Glueless Interface to Industry Standard Codecs

TDM Multichannel Mode with p-Law/A-Law Hardware
Companding

Multichannel Signaling Protocol
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GENERAL DESCRIPTION

The ADSP-21065L is a powerful member of the SHARC
family of 32-bit processorsoptimized for cost sensitive appli-
cations. The SHARCNSuper Harvard ArchitectureNoffers the
highest levels of performance and memory integration of any
32-bit DSP in the industryNthey are also the only DSP in the
industry that offer both fixed and floating-point capabilities,
without compromising precision or performance.

The ADSP-21065L is fabricated in a high speed, low power
CMOS process, 0.35mm technology. With its on-chip instruc-
tion cache, the processor can execute every instruction in a
single cycle. Table | lists the performance benchmarks for the
ADSP-21065L.

The ADSP-21065L SHARC combines a floating-point DSP
core with integrated, on-chip system features, including a
544 Kbit SRAM memory, host processor interface, DMA con-
troller, SDRAM controller, and enhanced serial ports.

Figure 1 shows a block diagram of the ADSP-21065L, illustrat-
ing the following architectural features:

Computation Units (ALU, Multiplier, and Shifter) with a
Shared Data Register File

Data Address Generators (DAG1, DAG2)

Program Sequencer with Instruction Cache

Timers with Event Capture Modes

On-Chip, dual-ported SRAM

External Port for Interfacing to Off-Chip Memory and
Peripherals

Host Port and SDRAM Interface

DMA Controller

Enhanced Serial Ports

JTAG Test Access Port

Table I. Performance Benchmarks

Benchmark Timing Cycles
Cycle Time 15.00 ns 1
1024-Pt. Complex FFT

(Radix 4, with Digit Reverse) 0.274 ns 18221
Matrix Multiply (Pipelined)

[3¥3]¥[3¥1] 135 ns 9

[4¥4]¥[4¥1] 240 ns 16
FIR Filter (per Tap) 15 ns 1
IIR Filter (per Biquad) 60 ns 4
Divide Y/X 90 ns 6
Inverse Square Root (1#x) 135ns 9
DMA Transfers 264 Mbytes/sec.

ADSP-21000 FAMILY CORE ARCHITECTURE

The ADSP-21065L is code and function compatible with the
ADSP-21060/ADSP-21061/ADSP-21062. The ADSP-21065L
includes the following architectural features of the SHARC
family core.
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Figure 2. ADSP-21065L Single-Processor System

Independent, Parallel Computation Units

The arithmetic/logic unit (ALU), multiplier, and shifter all
perform single-cycle instructions. The three units are arranged
in parallel, maximizing computational throughput. Single multi-
function instructions execute parallel ALU and multiplier
operations. These computation units support IEEE 32-bit
single-precision floating-point, extended precision 40-bit floating-
point, and 32-bit fixed-point data formats.

Data Register File

A general-purpose data register file is used for transferring data
between the computation units and the data buses, and for
storing intermediate results. This 10-port, 32-register (16 primary,
16 secondary) register file, combined with the ADSP-21000
Harvard architecture, allows unconstrained data flow between
computation units and internal memory.

Single-Cycle Fetch of Instruction and Two Operands

The ADSP-21065L features an enhanced Super Harvard Archi-
tecture in which the data memory (DM) bus transfers data and
the program memory (PM) bus transfers both instructions and
data (see Figure 1). With its separate program and data memory
buses, and on-chip instruction cache, the processor can simulta-
neously fetch two operands and an instruction (from the cache),
all in a single cycle.

Instruction Cache

The ADSP-21065L includes an on-chip instruction cache that
enables three-bus operation for fetching an instruction and two
data values. The cache is selectiveNonly the instructions that
fetches conflict with PM bus data accesses are cached. This
allows full-speed execution of core, looped operations such as
digital filter multiply-accumulates and FFT butterfly processing.

Data Address Generators with Hardware Circular Buffers
The ADSP-21065L0s two data address generators (DAGS)
implement circular data buffers in hardware. Circular buffers
allow efficient programming of delay lines and other data
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structures required in digital signal processing, and are com-
monly used in digital filters and Fourier transforms. The
ADSP-21065L0s two DAGs contain sufficient registers to allow
the creation of up to 32 circular buffers (16 primary register
sets, 16 secondary). The DAGs automatically handle address
pointer wraparound, reducing overhead, increasing perfor-
mance, and simplifying implementation. Circular buffers can
start and end at any memory location.

Flexible Instruction Set

The 48-bit instruction word accommodates a variety of parallel
operations, for concise programming. For example, the ADSP-
21065L can conditionally execute a multiply, an add, a subtract
and a branch, all in a single instruction.

ADSP-21065L FEATURES

The ADSP-21065L is designed to achieve the highest system
throughput to enable maximum system performance. It can be
clocked by either a crystal or a TTL-compatible clock signal.

The ADSP-21065L uses an input clock with a frequency equal
to half the instruction rateNa 33 MHz input clock yields a

15 ns processor cycle (which is equivalent to 66 MHz). Inter-
faces on the ADSP-21065L operate as shown below. Hereafter
in this document, 1x = input clock frequency, and 2x = procesorOs
instruction rate.

The following clock operation ratings are based on 1x = 33 MHz
(instruction rate/core = 66 MHz):

SDRAM 66 MHz
External SRAM 33 MHz
Serial Ports 33 MHz
Multiprocessing 33 MHz
Host (Asynchronous) 33 MHz

Augmenting the ADSP-21000 family core, the ADSP-21065L
adds the following architectural features:

Dual-Ported On-Chip Memory

The ADSP-21065L contains 544 Kbits of on-chip SRAM,
organized into two banks: Bank 0 has 288 Kbits, and Bank 1 has
256 Kbits. Bank 0 is configured with 9 columns of 2K ¥16 bits,
and Bank 1 is configured with 8 columns of 2K ¥16 bits. Each
memory block is dual-ported for single-cycle, independent accesses
by the core processor and I/O processor or DMA controller.

The dual-ported memory and separate on-chip busesallow two
data transfersfrom the core and one from I/O, all in a single
cycle (see Figure 4 for the ADSP-21065L Memory Map).

On the ADSP-21065L, the memory can be configured as a
maximum of 16K words of 32-bit data, 34K words for 16-bit
data, 10K words of 48-bit instructions (and 40-bit data) or
combinations of different word sizes up to 544 Kbits. All the
memory can be accessed as 16-bit, 32-bit or 48-bit.

While each memory block can store combinations of code and
data, accesses are most efficient when one block stores data,
using the DM bus for transfers, and the other block stores
instructions and data, using the PM bus for transfers. Using the
DM and PM busses in this way, with one dedicated to each
memory block, assures single-cycle execution with two data
transfers. In this case, the instruction must be available in the
cache. Single-cycle execution is also maintained when one of
the data operands is transferred to or from off-chip, via the
ADSP-21065L0s external port.

Off-Chip Memory and Peripherals Interface

The ADSP-21065L0s external port provides the processorOs
interface to off-chip memory and peripherals. The 64M words,
off-chip address space is included in the ADSP-21065L0s
unified address space. The separate on-chip busesNfor program
memory, data memory and I/ONare multiplexed at the external
port to create an external system bus with a single 24-bit
address bus, four memory selects, and a single 32-bit data bus.
The on-chip Super Harvard Architecture provides three bus
performance, while the off-chip unified address space gives
flexibility to the designer.

SDRAM Interface

The SDRAM interface enables the ADSP-21065L to transfer
data to and from synchronous DRAM (SDRAM) at 2x clock
frequency. The synchronous approach coupled with 2x clock
frequency supports data transfer at a high throughputNup to
220 Mbytes/sec.

The SDRAM interface provides a glueless interface with stan-
dard SDRAMsN16 Mb, 64 Mb, and 128 MbNand includes
options to support additional buffers between the ADSP-21065L
and SDRAM. The SDRAM interface is extremely flexible and
provides capability for connecting SDRAMs to any one of the
ADSP-21065L0s four external memory banks.

Systems with several SDRAM devices connected in parallel may
require buffering to meet overall system timing requirements.
The ADSP-21065L supports pipelining of the address and
control signals to enable such buffering between itself and
multiple SDRAM devices.

Host Processor Interface

The ADSP-21065L0s host interface provides easy connection to
standard microprocessor busesN8-, 16-, and 32-bitNrequiring
little additional hardware. Supporting asynchronous transfers at
speeds up to 1x clock frequency, the host interface is accessed
through the ADSP-21065L0s external port. Two channels of
DMA are available for the host interface; code and data trans-
fers are accomplished with low software overhead.

The host processor requests the ADSP-21065L0s external bus
with the host bus request HBR), host bus grant (HBG), and
ready (REDY) signals. The host can directly read and write the
IOP registers of the ADSP-21065L and can access the DMA
channel setup and mailbox registers. Vector interrupt support
enables efficient execution of host commands.

DMA Controller

The ADSP-21065L0s on-chip DMA controller allows zero-
overhead, nonintrusive data transfers without processor inter-
vention. The DMA controller operates independently and
invisibly to the processor core, allowing DMA operations to
occur while the core is simultaneously executing its program
instructions.

DMA transfers can occur between the ADSP-21065L0s internal
memory and either external memory, external peripherals, or a
host processor. DMA transfers can also occur between the
ADSP-21065L0s internal memory and its serial ports. DMA
transfers between external memory and external peripheral
devices are another option. External bus packing to 16-, 32-, or
48-bit internal words is performed during DMA transfers.

Ten channels of DMA are available on the ADSP-21~065LN
eight via the serial ports, and two via the processorOs external
port (for either host processor, other ADSP-21065L, memory or
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I/O transfers). Programs can be downloaded to the ADSP-21065L
using DMA transfers. Asynchronous off-chip peripherals can
control two DMA channels using DMA Request/Grant lines
(DMAR;, DMAG.,). Other DMA features include interrupt
generation on completion of DMA transfers and DMA chaining
for automatically linked DMA transfers.

Serial Ports

The ADSP-21065L features two synchronous serial ports that
provide an inexpensive interface to a wide variety of digital and
mixed-signal peripheral devices. The serial ports can operate at
1x clock frequency, providing each with a maximum data rate of
33 Mbit/s. Each serial port has a primary and a secondary set of
transmit and receive channels. Independent transmit and receive
functions provide greater flexibility for serial communications.
Serial port data can be automatically transferred to and from
on-chip memory via DMA. Each of the serial ports supports
three operation modes: DSP serial port mode, S mode (an
interface commonly used by audio codecs), and TDM (Time
Division Multiplex) multichannel mode.

The serial ports can operate with little-endian or big-endian
transmission formats, with selectable word lengths of 3 bits to

32 bits. They offer selectable synchronization and transmit
modes and optional m-law or A-law companding. Serial port
clocks and frame syncs can be internally or externally generated.
The serial ports also include keyword and keymask features to
enhance interprocessor communication.

Programmable Timers and General-Purpose 1/O Ports

The ADSP-21065L has two independent timer blocks, each of
which performs two functionsNPulsewidth Generation and
Pulse Count and Capture.

In Pulsewidth Generation mode, the ADSP-21065L can gener-
ate a modulated waveform with an arbitrary pulsewidth within
a maximum period of 71.5 secs.

In Pulse Counter mode, the ADSP-21065L can measure either
the high or low pulsewidth and the period of an input waveform.

The ADSP-21065L also contains twelve programmable, general
purpose /O pins that can function as either input or output. As
output, these pins can signal peripheral devices; as input, these
pins can provide the test for conditional branching.

Program Booting

The internal memory of the ADSP-21065L can be booted at
system power-up from an 8-bit EPROM, a host processor, or
external memory. Selection of the boot source is controlled by
the BMS (Boot Memory Select) and BSEL (EPROM Boot)
pins. Either 8-, 16-, or 32-bit host processors can be used for
booting. For details, see the descriptions of theBMS and BSEL
pins in the Pin Descriptions section of this data sheet.

Multiprocessing

The ADSP-21065L offers powerful features tailored to multi-
processing DSP systems. The unified address space allows
direct interprocessor accesses of both ADSP-21065L0s 10P
registers. Distributed bus arbitration logic is included on-chip
for simple, glueless connection of systems containing a maximum
of two ADSP-21065Ls and a host processor. Master processor
changeover incurs only one cycle of overhead. Bus lock allows
indivisible read-modify-write sequences for semaphores. A
vector interrupt is provided for interprocessor commands.
Maximum throughput for interprocessor data transfer is
132 Mbytes/sec over the external port.

REV. C

DEVELOPMENT TOOLS

The ADSP-21065L is supported with a complete set of software
and hardware development tools, including the EZ-ICE In-
Circuit Emulator and development software.

The same EZ-ICE hardware that you use for the ADSP-21060/
ADSP-21062 also fully emulates the ADSP-21065L.

Both the SHARC Development Tools family and the VisualDSP
integrated project management and debugging environment
support the ADSP-21065L. The VisualDSP project management
environment enables you to develop and debug an application
from within a single integrated program.

The SHARC Development Tools include an easy to use Assem-
bler that is based on an algebraic syntax; an Assembly library/
librarian; a linker; a loader; a cycle-accurate, instruction-level
simulator; a C compiler; and a C run-time library that includes
DSP and mathematical functions.

Debugging both C and Assembly programs with the Visual DSP
debugger, you can:

¥ View Mixed C and Assembly Code
¥ Insert Break Points

¥ Set Watch Points

¥ Trace Bus Activity

¥ Profile Program Execution

¥ Fill and Dump Memory

¥ Create Custom Debugger Windows

The Visual IDE enables you to define and manage multiuser
projects. Its dialog boxes and property pages enable you to
configure and manage all of the SHARC Development Tools.
This capability enables you to:

¥ Control how the development tools process inputs and gen-
erate outputs.

¥ Maintain a one-to-one correspondence with the toolOs com-
mand line switches.

The EZ-ICE Emulator uses the IEEE 1149.1 JTAG test access
port of the ADSP-21065L processor to monitor and control the
target board processor during emulation. The EZ-ICE provides
full-speed emulation, allowing inspection and modification of
memory, registers, and processor stacks. Nonintrusive in-circuit
emulation is assured by the use of the processorOs JTAG inter-
faceNthe emulator does not affect target system loading or timing.

In addition to the software and hardware development tools
available from Analog Devices, third parties provide a wide
range of tools supporting the SHARC processor family. Hard-
ware tools include SHARC PC plug-in cards multiprocessor
SHARC VME boards, and daughter and modules with multiple
SHARCs and additional memory. These modules are based on
the SHARCPAC? module specification. Third Party software
tools include an Ada compiler, DSP libraries, operating systems,
and block diagram design tools.

Additional Information

For detailed information on the ADSP-21065L instruction set
and architecture, see theADSP-21065L SHARC User’s Manual,
Third Edition, and the ADSP-21065L SHARC Technical Reference.

EZ-ICE and VisualDSP are registered trademarks of Analog Devices, Inc.
SHARCPAC is a trademark of Analog Devices, Inc.
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Figure 3. Multiprocessing System
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PIN DESCRIPTIONS
ADSP-21065L pin definitions are listed below. Inputs identified as synchronous (S) must meet timing requirements with respect to
CLKIN (or with respect to TCK for TMS, TDI). Inputs identified as asynchronous (A) can be asserted asynchronously to CLKIN

(orto TCK for TRST).

Unused inputs should be tied or pulled to VDD or GND, except for ADDR 3.9 DATA 319, FLAG 13,0, SW, and inputs that have
internal pull-up or pull-down resistors ( CPA, ACK, DTxX, DRxX, TCLKx, RCLKx, TMS, and TDI)Nthese pins can be left float-
ing. These pins have a logic-level hold circuit that prevents the input from floating internally.

| = Input

O = Output

S = Synchronous P = Power Supply (O/D) = Open Drain
A = Asynchronous G = Ground (A/D) = Active Drive

T = Three-state (when SBTS is asserted, or when the ADSP-2106x is a bus slave)

Pin

Type

Function

ADDR 33,9

DATA 319

MS3,

RD

WR

SW

ACK

SBTS

IRQ2.0
FLAG 110

I/0IT

I/0IT

I/0IT

I/OIT

I/OIT

I/OIT

I/0/S

I/S

I/A
I/O/A

External Bus Address. The ADSP-21065L outputs addresses for external memory and
peripherals on these pins. In a multiprocessor system the bus master outputs addresses for read/
writes of the IOP registers of the other ADSP-21065L. The ADSP-21065L inputs addresses
when a host processor or multiprocessing bus master is reading or writing its IOP registers.

External Bus Data. The ADSP-21065L inputs and outputs data and instructions on these
pins. The external data bus transfers 32-bit single-precision floating-point data and 32-bit fixed-
point data over bits 31-0. 16-bit short word data is transferred over bits 15-0 of the bus. Pull-up
resistors on unused DATA pins are not necessary.

Memory Select Lines. These lines are asserted as chip selects for the corresponding banks of
external memory. Internal ADDR 5.5, are decoded into MS3,,. The MS3 lines are decoded
memory address lines that change at the same time as the other address lines. When no external
memory access is occurring theMS; 4 lines are inactive; they are active, however, when a condi-
tional memory access instruction is executed, whether or not the condition is true. Additionally,
an MSz 4 line which is mapped to SDRAM may be asserted even when no SDRAM access is
active. In a multiprocessor system, theMS; g lines are output by the bus master.

Memory Read Strobe. This pin is asserted when the ADSP-21065L reads from external memory
devices or from the 10OP register of another ADSP-21065L. External devices (including another
ADSP-21065L) must assert RD to read from the ADSP-21065L0s IOP registers. In a multipro-
cessor systemRD is output by the bus master and is input by another ADSP-21065L.

Memory Write Strobe. This pin is asserted when the ADSP-21065L writes to external memory
devices or to the IOP register of another ADSP-21065L. External devices must asseVR to
write to the ADSP-21065L0s 10P registers. In a multiprocessor system\WR is output by the bus
master and is input by the other ADSP-21065L.

Synchronous Write Select. This signal interfaces the ADSP-21065L to synchronous memory
devices (including another ADSP-21065L). The ADSP-21065L asserts SW to provide an early
indication of an impending write cycle, which can be aborted if WR is not later asserted (e.g., in
a conditional write instruction). In a multiprocessor system, SW is output by the bus master and
is input by the other ADSP-21065L to determine if the multiprocessor access is a read or write.
SW is asserted at the same time as the address output.

Memory Acknowledge. External devices can deassert ACK to add wait states to an external
memory access. ACK is used by 1/O devices, memory controllers, or other peripherals to hold
off completion of an external memory access. The ADSP-21065L deasserts ACK as an output
to add wait states to a synchronous access of its IOP registers. In a multiprocessor system, a
slave ADSP-21065L deasserts the bus masterOs ACK input to add wait state(s) to an access of
its IOP registers. The bus master has a keeper latch on its ACK pin that maintains the input at
the level to which it was last driven.

Suspend Bus Three-State. External devicescan assertSBTS to place the external bus address,
data, selects, and strobesNbut not SDRAM control pinsNin a high impedance state for the
following cycle. If the ADSP-21065L attempts to access external memory whileSBTS is as-
serted, the processor will halt and the memory access will not finish untilSBTS is deasserted.
SBTS should only be used to recover from host processor/ADSP-21065L deadlock.

Interrupt Request Lines. May be either edge-triggered or level-sensitive.

Flag Pins. Each is configured via control bits as either an input or an output. As an input, it can
be tested as a condition. As an output, it can be used to signal external peripherals.
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Pin Type Function

HBR I/A Host Bus Request. Must be asserted by a host processor to request control of the ADSP-
21065L0s external bus. WhetHBR is asserted in a multiprocessing system, the ADSP-21065L
that is bus master will relinquish the bus and asserHBG. To relinquish the bus, the ADSP-
21065L places the address, data, select, and strobe lines in a high impedance state. It does,
however, continue to drive the SDRAM control pins. HBR has priority over all ADSP-21065L
bus requests BR,.;) in a multiprocessor system.

HBG 110 Host Bus Grant. Acknowledges anHBR bus request, indicating that the host processor may
take control of the external bus.HBG is asserted by the ADSP-21065L until HBR is released.
In a multiprocessor system,HBG is output by the ADSP-21065L bus master.

CS I/A Chip Select. Asserted by host processor to select the ADSP-21065L.

REDY (O/D) O Host Bus Acknowledge. The ADSP-21065L deasserts REDY to add wait states to an asyn-
chronous access of its internal memory or IOP registers by a host. Open drain output (O/D) by
default; can be programmed in ADREDY bit of SYSCON register to be active drive (A/D).
REDY will only be output if the CS and HBR inputs are asserted.

DMAR; I/A DMA Request 1 (DMA Channel 9).

DMAR, I/A DMA Request 2 (DMA Channel 8).

DMAG; oIT DMA Grant 1 (DMA Channel 9).

DMAG, oIT DMA Grant 2 (DMA Channel 8).

BR,.; 1/0/S Multiprocessing Bus Requests. Used by multiprocessing ADSP-21065Ls to arbitrate for bus
mastership. An ADSP-21065L drives its own BRx line (corresponding to the value of its ID,.
inputs) only and monitors all others. In a uniprocessor system, tie bothBRx pins to VDD.

ID 10 | Multiprocessing ID. Determines which multiprocessor bus request BR;EBR,) is used by
ADSP-21065L. ID = 01 corresponds to BRy, ID = 10 corresponds to BR,. ID = 00 in single-
processor systems. These lines are a system configuration selection which should be hard-wired
or changed only at reset.

CPA (O/D) 110 Core Priority Access. Asserting its CPA pin allows the core processor of an ADSP-21065L
bus slave to interrupt background DMA transfers and gain access to the external busCPA is an
open drain output that is connected to both ADSP-21065Ls in the system. The CPA pin has an
internal 5 kW pull-up resistor. If core access priority is not required in a system, leave theCPA
pin unconnected.

DTxX O Data Transmit (Serial Ports 0, 1; Channels A, B). Each DTxX pin has a 50 kW internal pull-
up resistor.

DRxX Data Receive (Serial Ports 0, 1; Channels A, B). Each DRxX pin has a 50 KW internal pull-up
resistor.

TCLKx I/0 Transmit Clock (Serial Ports 0, 1). Each TCLK pin has a 50 kW internal pull-up resistor.

RCLKx I/0 Receive Clock (Serial Ports 0, 1). Each RCLK pin has a 50 kW internal pull-up resistor.

TFSx I/0 Transmit Frame Sync (Serial Ports 0, 1).

RFSx I/0 Receive Frame Sync (Serial Ports 0, 1).

BSEL | EPROM Boot Select. When BSEL is high, the ADSP-21065L is configured for booting from

an 8-bit EPROM. When BSEL is low, the BSEL and BMS inputs determine booting mode. See
BMS for details. This signal is a system configuration selection which should be hardwired.
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Pin

Type

Function

BMS

CLKIN

RESET
TCK

™S

DI

TDO
TRST
EMU (O/D)

BMSTR

CAS
RAS
SDWE
DQM

SDCLK 1.

SDCKE

I/OIT *

I/A

I/S

I/S

I/A

I/1OIT

I1oIT

I1oIT

oIT

I/OISIT

I/oIT

Boot Memory Select. Output: used as chip select for boot EPROM devices (when BSEL = 1).

In a multiprocessor system,BMS is output by the bus master. Input: When low, indicates that
no booting will occur and that the ADSP-21065L will begin executing instructions from exter-
nal memory. See following table. This input is a system configuration selection which should be
hardwired.

*Three-statable only in EPROM boot mode (when BMS is an output).

BSEL BMS

1 Output
0 1 (Input)
0 0 (Input)

Booting Mode

EPROM (connect BMS to EPROM chip select).

Host processor (HBW [SYSCON] bit selects host bus width).
No booting. Processor executes from external memory.

Clock In. Used in conjunction with XTAL, configu res the ADSP-21065L to use either its
internal clock generator or an external clock source. The external crystal should be rated at 1x
frequency.

Connecting the necessary components to CLKIN and XTAL enables the internal clock genera-
tor. The ADSP-21065L0s internal clock generator multiplies the 1x clock to generate 2x clock
for its core and SDRAM. It drives 2x clock out on the SDCLKXx pins for the SDRAM interface
to use. See also SDCLKXx.

Connecting the 1x external clock to CLKIN while leaving XTAL unconnected configures the
ADSP-21065L to use the external clock source. The instruction cycle rate is equal to 2x CLKIN.
CLKIN may not be halted, changed, or operated below the specified frequency.

Processor Reset. Resets the ADSP-21065L to a known state and begins execution at the

program memory location specified by the hardware reset vector address. This input must be
asserted at power-up.

Test Clock (JTAG). Provides an asynchronous clock for JTAG boundary scan.

Test Mode Select (JTAG). Used to control the test state machine. TMS has a 20 KV internal
pull-up resistor.

Test Data Input (JTAG). Provides serial data for the boundary scan logic. TDI has a 20 W
internal pull-up resistor.

Test Data Output (JTAG). Serial scan output of the boundary scan path.

Test Reset (JTAG). Resets the test state machineTRST must be asserted (pulsed low) after
power-up or held low for proper operation of the ADSP-21065L. TRST has a 20 RV internal
pull-up resistor.

Emulation Status. Must be connected to the ADSP-21065L EZ-ICE target board connector
only.

Bus Master Output. In a multiprocessor system, indicates whether the ADSP-21065L is cur-

rent bus master of the shared external bus. The ADSP-21065L drives BMSTR high only while
it is the bus master. In a single-processor system (ID = 00), the processor drives this pin high.

SDRAM Column Access Strobe. Provides the column address. In conjunction with RAS,
MSx, SDWE, SDCLKX, and sometimes SDA10, defines the operation for the SDRAM to perform.

SDRAM Row Access Strobe. Provides the row address. In conjunction with CAS, MSx,
SDWE, SDCLKx, and sometimes SDA10, defines the operation for the SDRAM to perform.

SDRAM Write Enable. In conjunction with CAS, RAS, MSx, SDCLKX, and sometimes
SDA10, defines the operation for the SDRAM to perform.

SDRAM Data Mask. In write mode, DQM has a latency of zero and is used to block write
operations.

SDRAM 2x Clock Output. In systems with multiple SDRAM devices connected in parallel,
supports the corresponding increased clock load requirements, eliminating need of off-chip
clock buffers. Either SDCLK ; or both SDCLKX pins can be three-stated.

SDRAM Clock Enable. Enables and disables the CLK signal. For details, see the data sheet
supplied with your SDRAM device.
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ADSP-21065L

Pin Type Function
SDA10 oIT SDRAM A10 Pin. Enables applications to refresh an SDRAM in parallel with a host access.
XTAL 0 Crystal Oscillator Terminal. Used in conjunction with CLKIN to enable the ADSP-21065L0s

internal clock generator or to disable it to use an external clock source. See CLKIN.

PWM_EVENT 4 I/O/A PWM Output/Event Capture. In PWMOUT mode, is an output pin and functions as a timer
counter. In WIDTH_CNT mode, is an input pin and functions as a pulse counter/event capture.

VDD P Power Supply; nominally +3.3 V dc. (33 pins)

GND G Power Supply Return. (37 pins)

NC Do Not Connect. Reserved pins that must be left open and unconnected. (7 pins)

CLOCK SIGNALS

The ADSP-21065L can use an external clock or a crystal. See
CLKIN pin description. You can configure the ADSP-21065L

to use its internal clock generator by connecting the necessary
components to CLKIN and XTAL. You can use either a crystal
operating in the fundamental mode or a crystal operating at an
overtone. Figure 4 shows the component connections used for a
crystal operating in fundamental mode, and Figure 5 shows
the component connections used for a crystal operating at an
overtone.

SUGGESTED COMPONENTS FOR 30 MHz OPERATION:
ECLIPTEK EC2SM-33-30.000M (SURFACE MOUNT PACKAGE)
ECLIPTEK EC-33-30.000M (THROUGH-HOLE PACKAGE)
C1=33pF
C2=27pF
NOTE: C1 AND C2 ARE SPECIFIC TO CRYSTAL SPECIFIED FOR X1.
CONTACT CRYSTAL MANUFACTURER FOR DETAILS.

Figure 4. 30 MHz Operation (Fundamental Mode Crystal)

SUGGESTED COMPONENTS FOR 30MHz OPERATION:
ECLIPTEK EC2SM-T-30.000M (SURFACE MOUNT PACKAGE)
ECLIPTEK ECT-30.000M (THROUGH-HOLE PACKAGE)
C1=18pF
C2 = 27pF
C3 =75pF
L, =3300nH
Rs = SEE NOTE.
NOTE: C1, C2, C3, Rg AND Ly ARE SPECIFIC TO CRYSTAL SPECIFIED
FOR X1. CONTACT MANUFACTURER FOR DETAILS.

Figure 5. 30 MHz Operation (3rd Overtone Crystal)
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TARGET BOARD CONNECTOR FOR EZ-ICE PROBE

The ADSP-2106x EZ-ICE emulator uses the IEEE 1149.1
JTAG test access port of the ADSP-2106x to monitor and con-
trol the target board processor during emulation. The EZ-ICE
probe requires the ADSP-2106x0s CLKIN, TMS, TCK, TRST,
TDI, TDO, EMU and GND signals be made accessible on the
target system via al4-pin connector (a 2 row X 7 pin strip header)
such as that shown in Figure 6. The EZ-ICE probe plugs directly
onto this connector for chip-on-board emulation. You must add
this connector to your target board design if you, intend to use
the ADSP-2106x EZ-ICE.

The total trace length between the EZ-ICE connector and the
furthest device sharing the EZ-ICE JTAG pins should be lim-
ited to 15 inches maximum for guaranteed operation. This
restriction on length must include EZ-ICE JTAG signals, which
are routed to one or more 2106x devices or to a combination of
2106xs and other JTAG devices on the chain.

The 14-pin, 2-row pin strip header is keyed at the Pin 3 loca-
tionNyou must remove Pin 3 from the header. The pins must
be 0.025 inch square and at least 0.20 inch in length. Pin spac-
ing should be 0.1¥ 0.1 inches. Pin strip headers are available
from vendors such as 3M, McKenzie and Samtec.

1 2
GND | H H |ewmu
3 4
KEY (NOPIN) | X B | cLKIN (OPTIONAL)
5 6
BTMS ™S
7 8
BTCK TCK
9 10
BTRST | [N/l W[} | TRST
1 12
BTDI DI
13 14
GNo [ W | ™o
TOP VIEW

Figure 6. Target Board Connector for ADSP-2106x EZ-ICE
(JTAG Header)
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Figure 14. Synchronous Read/Write—Bus Slave
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ADSP-21065L

Multiprocessor Bus Request and Host Bus Request
Use these specifications for passing of bus mastership between multiprocessing ADSP-21065L8Rx) or a host processor HBR,

HBG).

Parameter Min Max Unit
Timing Requirements:

tHBGRCSY HBG Low to RD/WR/CS Valid* 20.0+ 36 DT ns
tsHERI HBR Setup Before CLKIN ? 12.0+12DT ns
tHHEBRI HBR Hold Before CLKIN 2 6.0+ 12 DT ns
tsHea HBG Setup Before CLKIN 6.0+ 8DT ns
tuHBa HBG Hold Before CLKIN High 1.0+8DT ns
tsgri BRX, CPA Setup Before CLKIN 3 7.0+8DT ns
theRI BRx, CPA Hold Before CLKIN High 1.0+8DT ns
Switching Characteristics:

tbHBGO HBG Delay After CLKIN 8.0D2DT ns
thHBGO HBG Hold After CLKIN 1.0b2DT ns
toerO BRx Delay After CLKIN 7.0D2DT ns
therO BRx Hold After CLKIN 1.0D2DT ns
toepao CPA Low Delay After CLKIN 115D 2DT ns
tTRePA CPA Disable After CLKIN 1.0D2DT 55D 2DT ns
toroYCS REDY (O/D) or (A/D) Low from CS and HBR Low* 13.0 ns
tTROYHG REDY (O/D) Disable or REDY (A/D) High from HBG* 44.0 + 43 DT ns
tARDYTR REDY (A/D) Disable from CS or HBR High* 10.0 ns
NOTES

IFor first asynchronous access afteHBR and CS asserted, ADDRy; o, must be a nonMMS value 1/2 tcx before RD or WR goes low or by tyggresy after HBG goes
low. This is easily accomplished by driving an upper address signal high wheHBG is asserted. See the Host Processor Control of the ADSP-21065L section of the
ADSP-21065L SHARC User’s Manual, Second Edition.

20nly required for recognition in the current cycle.

3CPA assertion must meet the setup to CLKIN; deassertion does not need to meet the setup to CLKIN.

4(0ID) = open drain, (A/D) = active drive.

22—
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(0/D)
tsupa —™
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BRx (IN) \
CPA (IN) (O/D)
HBR
CSs
toroves —™ - trrovHG >
REDY (0/D) ‘.l
taroyTR [*
REDY (A/D) ' S
[ tuegrRcsy — ™
HBG (OUT) \\
RD
wR QOO0
CS

O/D = OPEN DRAIN, A/D = ACTIVE DRIVE

Figure 15. Multiprocessor Bus Request and Host Bus Request
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Asynchronous Read/Write—Host to ADSP-21065L
Use these specifications for asynchronous host processor accesses of an ADSP-21065L, after the host has asse@8cand HBR

(low). After the ADSP-21065L returns HBG, the host can drive the RD and WR pins to access the ADSP-21065L0s IOP registers.
HBR and HBG are assumed low for this timing. Writes can occur at a minimum interval of (1/2) tex .

Parameter Min Max Unit
Read Cycle

Timing Requirements:

tSADRDL Address SetupCS Low Before RD Low™* 0.0 ns
tHADRDH Address Hold/CS Hold Low After RD High 0.0 ns
tWRWH RD/WR High Width 6.0 ns
{DRDHRDY RD High Delay After REDY (O/D) Disable 0.0 ns
tDRDHRDY RD High Delay After REDY (A/D) Disable 0.0 ns
Switching Characteristics:

tSDATRDY Data Valid Before REDY Disable from Low 15 ns
tDRDYRDL REDY (O/D) or (A/D) Low Delay After RD Low 135 ns
tRDYPRD REDY (O/D) or (A/D) Low Pulsewidth for Read 28.0+DT ns
tHDARWH Data Disable After RD High 2.0 10.0 ns
Write Cycle

Timing Requirements:

tscswRL CS Low Setup Before WR Low 0.0 ns
tHCSWRH CS Low Hold After WR High 0.0 ns
tSADWRH Address Setup BeforeWR High 5.0 ns
tHADWRH Address Hold After WR High 2.0 ns
tWwRL WR Low Width 7.0 ns
tWRWH RD/WR High Width 6.0 ns
{DWRHRDY WR High Delay After REDY (O/D) or (A/D) Disable 0.0 ns
tSDATWH Data Setup Before WR High 5.0 ns
tHDATWH Data Hold After WR High 1.0 ns
Switching Characteristics:

tDRDYWRL REDY (O/D) or (A/D) Low Delay After WR/CS Low 13.5 ns
trRDYPWR REDY (O/D) or (A/D) Low Pulsewidth for Write 7.75 ns
NOTE

*Not required if RD and address are valid {iggresv after HBG goes low. For first access afteHBR asserted, ADDR23-0 must be a nonMMS value 1/2 t¢c « before
RD or WR goes low or by tggresy after HBG goes low. This is easily accomplished by driving an upper address signal high wheriBG is asserted. See Host Inter-
face, in the ADSP-21065L SHARC User’s Manual, Second Edition.
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Figure 16. Asynchronous Read/Write—Host to ADSP-21065L
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ADSP-21065L

Three-State Timing—Bus Master, Bus Slave, HBR, SBTS
These specifications show how the memory interface is disabled (stops driving) or enabled (resumes driving) relative to CLKIN ad
the SBTS pin. T his timing is applicable to bus master transitioncycles (BTC) and host transition cycles (HTC) as well as the SBTS pin.

Parameter Min Max Unit
Timing Requirements:

tsTsck SBTS Setup Before CLKIN 7.0+8DT ns
tHTsck SBTS Hold Before CLKIN 1.0+8DT ns
Switching Characteristics:

tMIENA Address/Select EnableAfter CLKIN 1.0D2DT ns
tmiENs Strobes Enable After CLKIN ! P0.5D 2 DT ns
tMIENHG HBG Enable After CLKIN 20D 2DT ns
tMITRA Address/Select Disable After CLKIN 3.0D4DT ns
tMITRS Strobes Disable After CLKIN * 40D 4DT ns
tMITRHG HBG Disable After CLKIN 55D4DT ns
tDATEN Data Enable After CLKIN ? 10.0+5DT ns
tpATTR Data Disable After CLKIN 2 1.0D2DT 7.0D2DT ns
tackeN ACK Enable After CLKIN ? 75+4DT ns
tACKTR ACK Disable After CLKIN 2 1.0D2DT 6.0D 2 DT ns
tMTRHBG Memory Interface Disable Before HBG Low?® 20+2DT ns
tMENHBG Memory Interface Enable After HBG High® 15.75 + DT ns

NOTES

IStrobes = RD, WR, SW, DMAG.
2In addition to bus master transition cycles, these specs also apply to bus master and bus slave synchronous read/write.

3Memory Interface = Address, RD, WR, MSx, SW, DMAGX, BMS (in EPROM boot mode).

—-26—

REV. C



ADSP-21065L

CLKIN 7

[t

—_—
tursck

tsrsck

SBTS

JOOOR

UK

tmiena, t miens, t menna

MEMORY

tmirra, tmitrs, tMiTRHG

INTERFACE

[ tpaTTR —™

tpaTen

DATA

- tACKEN —_—

*— tackTr ™

ACK

HBG

MEMORY

tmenHBG —

tutrRHBG

INTERFACE

REV. C

MEMORY INTERFACE = ADDRESS, RD, WR, MSx, SW, DMAGXx. BMS (IN EPROM BOOT MODE)

Figure 17. Three-State Timing
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DMA Handshake

aL

These specifications describe the three DMA handshake modes. In all three modes DMAR is used to initiate transfers. For hand-
shake mode,DMAG controls the latching or enabling of data externally. For external handshake mode, the data transfer is controlled
by the ADDR ,3,9, RD, WR, SW, MS;,, ACK, and DMAG signals. External mode cannot be used for transfers with SDRAM. For
Paced Master mode, the data transfer is controlled by ADDR,3 9, RD, WR, MS3,, and ACK (not DMAG). For Paced Master mode,
the Memory Read-Bus Master, Memory Write-Bus Master, and Synchronous Read/Write-Bus Master timing specifications for
ADDR 5,39, RD, WR, MS3,, SW, DATA 310, and ACK also apply.

Parameter Min Max Unit
Timing Requirements:

tspric DMARXx Low Setup Before CLKIN ! 5.0 ns
tsprHC DMARX High Setup Before CLKIN * 5.0 ns
twor DMARx Width Low (Nonsynchronous) 6.0 ns
tSpATDGL Data Setup After DMAGXx Low? 15.0 + 20 DT ns
tHDATIDG Data Hold After DMAGx High 0.0 ns
tDATDRH Data Valid After DMARX High? 25.0+14 DT ns
tDMARLL DMARXx Low Edge to Low Edge 18.0 + 14 DT ns
tOMARH DMARXx Width High 6.0 ns
Switching Characteristics:

topoL DMAGXx Low Delay After CLKIN 14.0 + 10 DT 20.0+10DT ns
twpGH DMAGx High Width 10.0 + 12 DT + HI ns
twoeL DMAGx Low Width 16.0 + 20 DT ns
thbce DMAGXx High Delay After CLKIN 0.0D2DT 6.0D2DT ns
tDADGH Address Select Valid toDMAGXx High 28.0 + 16 DT ns
tbbgHA Address Select Hold After DMAGx High b1.0 ns
tVDATDGH Data Valid Before DMAGx High® 16.0 + 20 DT ns
toATRDGH Data Disable After DMAGx High* 0.0 4.0 ns
tbewrL WR Low Before DMAGx Low 50+6DT 8.0+6DT ns
tbewrH DMAGXx Low Before WR High 18.0 + 19 DT +W ns
tDGWRR WR High Before DMAGX High 0.75+1DT 3.0+1DT ns
tbROL RD Low Before DMAGXx Low 5.0 8.0 ns
tbrDGH RD Low Before DMAGXx High 240+26 DT+W ns
tbcrDR RD High Before DMAGx High 0.0 2.0 ns
toewr DMAGXx High to WR, RD Low 5.0+ 6 DT + HI ns

W = (number of wait states specified in WAIT register) ¥ te.
HI =t ¢ (if an address hold cycle or bus idle cycle occurs, as specified in WAIT register; otherwise HI = 0).

NOTES

10nly required for recognition in the current cycle.
%tspatpoL IS the data setup requirement if DMARX is not being used to hold off completion of a write. Otherwise, if DMARX low holds off completion of the write, the
data can be driven parpry  after DMARX is brought high.
3typatoe IS Valid if DMARX is not being used to hold off completion of a read. If DMARX is used to prolong the read, then tparpey = 8 + 9 DT + (N ¥ tek) wheren
equals the number of extra cycles that the access is prolonged.

“See System Hold Time Calculation under Test Conditions for calculation of hold times given capacitive and dc loads.
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Figure 18. DMA Handshake Timing
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SDRAM Interface—Bus Master
Use these specifications for ADSP-21065L bus master accesses of SDRAM.

Parameter Min Max Unit
Timing Requirements:

tspspk Data Setup Before SDCLK 2.0 ns
tHDSDK Data Hold After SDCLK 1.25 ns
Switching Characteristics:

tbspk1 First SDCLK Rise Delay After CLKIN 9.0+6DT 12.75+6 DT NS
tpspk2 Second SDCLK Rise Delay After CLKIN 25.5+22 DT 29.25+ 22 DT ns
tspk SDCLK Period 16.67 t CK/2 ns
tspkH SDCLK Width ngh 7.5+8DT ns
tspkL SDCLK Width Low 6.5+8DT ns
tpcADSDK Command, Address, Data, Delay After SDCLK ! 10.0+5DT ns
tHCADSDK Command, Address, Data, Hold After SDCLK * 45+5DT ns
tSDTRSDK Data Three-State After SDCLK 9.5+5DT ns
tSDENSDK Data Enable After SDCLK ? 6.0+5DT ns
tspeTr SDCLK, Command Three-State After CLKIN * 5.0+3DT 9.75+3 DT ns
tspcen SDCLK, Command Enable After CLKIN ! 5.0+2DT 10.0+2DT ns
tspATR Address Three-State After CLKIN b1.0D4DT 3.0b4DT ns
tspAEN Address Enable After CLKIN 1.0D2DT 7.0b2DT ns
NOTES

*Command = SDCKE, MSx, RAS, CAS, SDWE, DQM, and SDA10.
2SDRAM controller adds one SDRAM CLK three-stated cycle delay (t cx/2) on a Read followed by a Write.

SDRAM Interface—Bus Slave 3
These timing requirements allow a bus slave to sample the bus masterOs SDRAM command and detect when a refresh occurs.

Parameter Min Max Unit
Timing Requirements:
tsspket First SDCLK Rise After CLKIN 6.50 + 16 DT 175+ 16 DT NS
tsspke? Second SDCLK Rise After CLKIN 23.25 34.25 ns
tscspk Command Setup Before SDCLK * 0.0 ns
thespk Command Hold After SDCLK * 2.0 ns
NOTE
*Command = SDCKE, RAS, CAS, and SDWE.
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1COMMAND = SDCKE, MSy, RAS, CAS, SDWE, DQM, AND SDA10.
2SDRAM CONTROLLER ADDS ONE SDRAM CLK THREE-STATED CYCLE DELAY (tci/2) ON A READ FOLLOWED BY A WRITE.

Figure 19. SDRAM Interface
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Serial Ports

Parameter Min Max Unit

External Clock
Timing Requirements:

tsese TFS/RFS Setup Before TCLK/RCLK * 4.0 ns
thrse TFS/RFS Hold After TCLK/RCLK  * 4.0 ns
tSDRE Receive Data Setup Before RCLK! 15 ns
tupre Receive Data Hold After RCLK ! 4.0 ns
tscLkw TCLK/RCLK Width 9.0 ns

tscik TCLK/RCLK Period t ek ns

Internal Clock
Timing Requirements:

tsEs) TFS Setup Before TCLK % RFS Setup Before RCLK?! 8.0 ns
thEs] TFS/RFS Hold After TCLK/RCLK ! 1.0 ns
tspri Receive Data Setup Before RCLK! 3.0 ns
thori Receive Data Hold After RCLK * 3.0 ns

External or Internal Clock
Switching Characteristics:

torse RFS Delay After RCLK (Internally Generated RFS) 2 13.0 ns
tHorsE RFS Hold After RCLK (Internally Generated RFS) 2 3.0 ns

External Clock
Switching Characteristics:

torse TFS Delay After TCLK (Internally Generated TFS) 2 13.0 ns
tHorsE TFS Hold After TCLK (Internally Generated TFS) 2 3.0 ns
topoTE Transmit Data Delay After TCLK 2 12.5 ns
tuoTE Transmit Data Hold After TCLK 2 4.0 ns

Internal Clock
Switching Characteristics:

toEsi TFS Delay After TCLK (Internally Generated TFS) 2 4.5 ns
thors TFS Hold After TCLK (Internally Generated TFS) 2 bl.5 ns
toom Transmit Data Delay After TCLK 2 75 ns
thoTi Transmit Data Hold After TCLK 2 0.0 ns
tscLkaw TCLK/RCLK Width (t sax/2)D25 (tsck/2) + 2.5 ns

Enable and Three-State
Switching Characteristics:

toTENE Data Enable from External TCLK 2 5.0 ns
topoTTE Data Disable from External RCLK ? 10.0 ns
toTENI Data Enable from Internal TCLK ? 0.0 ns
tooTTI Data Disable from Internal TCLK 2 3.0 ns
tbeLk TCLK/RCLK Delay from CLKIN 18.0+6 DT ns
topTR SPORT Disable After CLKIN 14.0 ns
External Late Frame Sync
toDTLESE Data Delay from Late External TFS or External RFS

withMCE=1,MFD=0 3* 10.5 ns
tDTENLESE Data Enable from late FS or MCE=1, MFD =0 3* 3.5 ns
topTLSCK Data Delay from TCLK/RCLK for Late External

TFS or External RFS with MCE =1, MFD=0 ** 12.0 ns
tDTENLSCK Data Enable from RCLK/TCLK for Late External FS or

MCE=1,MFD=0 ** 45 ns
NOTES

To determine whether communication is possible between two devices at clock speed n, the following specifications must be comfned: 1) frame sync delay and frame
sync setup-and-hold, 2) data delay and data setup-and-hold, and 3) SCLK width.

IReferenced to sample edge.

2Referenced to drive edge.

3MCE = 1, TFS enable and TFS valid follow t pprenes and toprirse.

4If external RFS/TFS setup to RCLK/TCLK >t SCLK /2 then topTLsck and toTENLSCK apply, otherwise tooTLFSE and toTENLFS apply

*Word selected timing for 1S mode is the same as TFS/RFS timing (normal framing only).
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DATA RECEIVE- INTERNAL CLOCK

DATA RECEIVE- EXTERNAL CLOCK

REV. C

DRIVE SAMPLE DRIVE SAMPLE
EDGE EDGE EDGE EDGE
[—— tscLkw —————> - tscLkw >
RCLK } RCLK ]
-— tppsg—] — tprsE —
HOFSE thorse
-~ — tsrs) —— turs > - | tsrsE —— e tHESE

w 0 T w 0 A

le—— tspri —» |« thpr > |a—— tsDRE ——w-|a— tHDRE |

KX RO XXXK MK

NOTE: EITHER THE RISING EDGE OR FALLING EDGE OF RCLK, TCLK CAN BE USED AS THE ACTIVE SAMPLING EDGE.

DR DR

DATA TRANSMIT- INTERNAL CLOCK
DRIVE

DATA TRANSMIT- EXTERNAL CLOCK

SAMPLE DRIVE SAMPLE
EDGE EDGE EDGE EDGE
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TCLK ) TCLK ]
le—— torsi —p] r— tprsE —
thorsi t t thorse
— > lt—— tsps) ——»ta- typg) > - ta—— tspsE——m- - tHFSE
s RO RAAX s UK RAAX
a— tppr —»

| — tDDTE —
thote
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NOTE: EITHER THE RISING EDGE OR FALLING EDGE OF RCLK OR TCLK CAN BE USED AS THE ACTIVE SAMPLING EDGE.

DRIVE DRIVE

EDGE EDGE
TCLK (EXT)

TFS ("LATE", EXT.) TCLK/RCLK
topTeEn toorre -

DT

DRIVE DRIVE

EDGE EDGE
TCLK (INT)

TFS ("LATE", INT) TCLK / RCLK
toprin
toprm [
DT
CLKIN 7L
—— tppTR —»|
TCLK, RCLK SPORT ENABLE AND
SPORT DISABLE DELAY THREE-STATE
FROM INSTRUCTION LATENCY
TFS, RFS, DT IS TWO CYCLES
= tocLk
TCLK (INT)
RCLK (INT)

LOW TO HIGH ONLY

Figure 20. Serial Ports
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EXTERNAL RFS with MCE =1, MFD =0

DRIVE SAMPLE DRIVE
RCLK \ (« /
|[—— tsksen <« tyorsen
ws X
> toTENLFSE <— tppTEN
< typren
T — 1STBIT 2ND BIT
topTLFsE

LATE EXTERNAL TFS

DRIVE SAMPLE DRIVE
TCLK \ /
[—— tsEsen -« thorsen
Tes X
> torenLFsE ~<—— tooen
<« typTten
DT — 1ST BIT 2ND BIT

topTLFSE

Figure 21. External Late Frame Sync (Frame Sync Setup < tsc x/2)

EXTERNAL RFS with MCE =1, MFD =0

DRIVE SAMPLE  DRIVE
RCLK \ /
< tsesen thorsen

+— topTeEN

toreNLsck

thorEn

DT — 1ST BIT 2ND BIT
topTLsck
LATE EXTERNAL TFS
DRIVE SAMPLE DRIVE
TCLK \ /
T e tspsen thorsen
- X
r+— topTEN
> thpTEn
DT — 1ST BIT 2ND BIT

topTisck

Figure 22. External Late Frame Sync (Frame Sync Setup > tsc x/2)
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JTAG Test Access Port and Emulation

Parameter Min Max Unit
Timing Requirements:

trek TCK Period t ek ns
tsTap TDI, TMS Setup Before TCK High 3.0 ns
tyTaAP TDI, TMS Hold After TCK High 3.0 ns
tssys System Inputs Setup Before TCK Low? 7.0 ns
thsys System Inputs Hold After TCK Low ! 12.0 ns
trrRsTW TRST Pulsewidth 4 tey ns
Switching Characteristics:

toToo TDO Delay from TCK Low 11.0 ns
tbsys System Outputs Delay After TCK Low 2 15.0 ns
NOTES

1System Inputs = DATA 310, ADDR ,3,0, RD, WR, ACK, SBTS, SW, HBR, HBG, CS, DMAR;, DMAR;, BRy.1, ID 1.0, IRQ,.9, FLAG 13,9, DROX, DR1x, TCLKO,

TCLK1, RCLKO, RCLK1, TFSO, TFS1, RFSO, RFS1, BSEL,

BMS, CLKIN, RESET, SDCLK o, RAS, CAS, SDWE, SDCKE, PWM_EVENTX.

2System Outputs = DATA 3., ADDR 239, MS3, RD, WR, ACK, SW, HBG, REDY, DMAG1 A DMAG2, BR,j, CPA, FLAG j;0, PWM_EVENTx, DTOx, DT1x,

TCLKO, TCLK1, RCLKO, RCLK1, TFSO, TFS1, RFSO, RFS1,

REV. C

BMS, SDCLKO, SDCLK1, DQM, SDA10,

RAS, CAS, SDWE, SDCKE, BM, XTAL.

TCK S

trek

*— tstap — > turap —

on AOUOIUOONNE

TDO

—— tggys — >

— tysys —>

neurs JUUUOURRXXXXXROOOO0OUNIOOXXNNNE
INPUTS

O?JYI'E‘LEI% ’A‘A’A’A’A‘A‘A‘A‘A‘A‘A‘A‘A‘A‘A’A’A’A’A’A’A’A’A’A’A’A’A‘A‘A

XX

Figure 23. JTAG Test Access Port and Emulation
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OUTPUT DRIVE CURRENT
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Figure 24. Typical Drive Currents

TEST CONDITIONS

Output Disable Time

Output pins are considered to be disabled when they stop driv-
ing, go into a high impedance state, and start to decay from
their output high or low voltage. The time for the voltage on the
bus to decay byDV is dependent on the capacitive load, G and
the load current, I, . This decay time can be approximated by
the following equation:

C_ ¥DV
toecay = ——
I

The output disable time tps is the difference between {zasuren
and tpecay as shown in Figure 26. The time tyegasurep IS the
interval from when the reference signal switches to when the
output voltage decaysDV from the measured output high or
output low voltage. tpecay is calculated with test loads G and
I, and with DV equal to 0.5 V.

Output Enable Time

Output pins are considered to be enabled when they have made
a transition from a high impedance state to when they start
driving. The output enable time t gya is the interval from when a
reference signal reaches a high or low voltage level to when the
output has reached a specified high or low trip point, as shown
in the Output Enable/Disable diagram. If multiple pins (such as
the data bus) are enabled, the measurement value is that of the
first pin to start driving.
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Example System Hold Time Calculation

To determine the data output hold time in a particular system,
first calculate tpecay Using the equation given above. ChooséV
to be the difference between the ADSP-21065L0s output voltage
and the input threshold for the device requiring the hold time. A
typical DV will be 0.4 V. C _ is the total bus capacitance (per

data line), and I is the total leakage or three-state current (per
data line). The hold time will be t pgcay plus the minimum
disable time (i.e., tpatrwn for the write cycle).

REFERENCE
SIGNAL

tmEASURED tena

tois

VOH (MEASURED) v
VoH (MEASURED) ~ AV 2.0V OH (MEASURED)
OUTPUT

VoL (MEASURED) + AV 4 oqov v
VoL (MEASURED) OL (MEASURED)

toecay

A
OUTPUT STOPS
DRIVING

OUTPUT STARTS
DRIVING

HIGH-IMPEDANCE STATE.

TEST CONDITIONS CAUSE

THIS VOLTAGE TO BE
APPROXIMATELY 1.5V

Figure 25. Output Enable

loL

TO

OUTPUT +1.5V

50pF

i

lon

Figure 26. Equivalent Device Loading for AC Measure-
ments (Includes All Fixtures)

INPUT OR 1.5V 1.5V
OUTPUT

Figure 27. Voltage